Symmetric Li|Li coin cells were prepared using two Li metal foils, a separator, and electrolyte. For the voltage profile, the current density is 0.5 mA cm -2 , and the amount of Li plated in each cycle is 1 mA h cm -2 . The EIS measurements were performed on a Princeton PARSTAT MC 1000 multi-channel electrochemical workstation over the frequency range from 100 mHz to 100 kHz with an amplitude of 10 mV.
Materials characterization.
To gain insight into the Li plating/stripping in the Li metal battery, we disassembled the coin cells in a glove box. The anodes were washed with DOL-DME (1:1, by volume) three times to remove the residual electrolyte. After washing, the Li electrodes were dried under vacuum for 1 h to remove the residual DOL-DME. The anodes were transferred to some special designed devices for ex situ scanning electron microscope (SEM) and X-ray photoelectron spectroscopy (XPS) 4 M LiTFSI/Py 13 TFSI-DOL-DME 3 M LiTFSI/Py 13 TFSI-DOL-DME 2 M LiTFSI/Py 13 TFSI-DOL-DME 1.5 M LiTFSI/Py 13 TFSI-DOL-DME 1 M LiTFSI/Py 13 TFSI-DOL-DME 2 M LiTFSI/DOL-DME 1 M LiTFSI/DOL-DME 1 M LiTFSI/Py 13 TFSI Figure S2 . The viscosity of different electrolytes. The electrochemical impedance spectroscopy (EIS) measurements were performed on the symmetric cell. In the Nyquist plots ( Figure S7 ), the semicircle at high frequency is associated to the resistance through the SEI layer (R SEI ). The R SEI value continuously increases with time, which is attributed to the reaction between the Li metal and the organic electrolytes. In comparison of the cell using ether based electrolyte, the cell using optimized hybrid electrolyte exhibits high interfacial stability. LiTFSI decomposition products
